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Abstract 
In general, the superconducting properties of REBa2Cu3Oy(RE123: RE= rare earth elements) melt-solidified bulks 
systematically degrade with an increase in distance from the seed crystal.  Our previous study indicated that partial 
substitution of RE for the barium-site causes the deterioration.  Although the crystal growth under reducing 
atmospheres is effective for suppression of the substitution level of RE for the barium-site, a lot of pores formed by 
remaining inert gas under reducing atmospheres, resulting in poor mechanical properties.  We have attempted to 
develop RE123 bulks by a new method, melt-solidification under low pressure pure oxygen atmosphere, to suppress 
substitution of RE for barium and to eliminate pores.  The Y123 bulks without pores were successfully fabricated by 
the new method.  The Y123 bulks showed apparently higher Jc below 2 T at 77 K than the conventional Y123 bulks 
melt-solidified in air. 
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1. Introduction 
The REBa2Cu3Oy (RE123; RE = rare earth) system exhibits high critical current density (Jc) up to high 
fields at 77 K, resulting in various practical applications of coated conductors and melt-solidified bulks.  
The RE123 melt-solidified bulks can trap high magnetic fields than permanent magnets and hence, 
various attempts have been made for their practical applications, such as the magnetic drug delivery 
system, flywheels and magnetic separation system.  In general, trapped fields of the bulk are proportional 
to Jc and size of the bulks.  Therefore, growth of large RE123 melt-solidified bulks[1] and enhancement 
of Jc[2,3] are effective for improvement of field trapping properties.  Superconducting properties 
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systematically decrease with an increase in distance from the seed crystal particularly in the a-growth 
region, which grows radial direction from the seed crystal.  Our previous study showed that these 
tendencies are caused by the partial substitution of RE for the barium-site even when RE=Y[4].  In order 
to suppress the substitution of RE, melt-solidification in moderately reducing atmosphere is well known 
to be effective[5]. On the other hand, improvement of mechanical properties is also important for 
practical use of bulks, because thermal stress and electromagnetic force cause mechanical breakage 
during cooling and magnetizing process, respectively.  Mechanical properties are deteriorated by pores 
which are formed by remaining inert gas, such as nitrogen and argon, in the bulks.  For this problem, 
melt-solidification in pure oxygen atmosphere was effective for elimination of pores[6].  
Based on these backgrounds, we have attempted to develop Y123 melt-solidified bulks with higher 
superconducting and mechanical properties by adopting a new method, melt-solidification in low pressure 
pure oxygen.  This method is considered to be effective for both suppression of partial yttrium 
substitution for the barium-site and elimination of pores. 
2. Experimental 
High purity powders of Y2O3, BaCO3 and CuO were used as starting reagents to prepare Y123 and 
Y2BaCuO5 (Y211) powders.  In the synthesis of Y123, powder mixture with a nominal composition of 
YBa2Cu3Oy was calcined at 880°C for 12 h in air twice with an intermediate grinding.  Low temperature 
synthesis at 800°C for 120 h was applied to obtain fine Y211 powder.  The calcined powders of Y123 and 
Y211 were mixed into a molar ratio of 7:3 and 0.5 wt% of platinum powder was added to the mixture. 
The mixtures were uniaxially pressed into cylindrical shapes with dimensions of 20 mmI × 10 mmt and a 
seed crystal of Nd123 was put on the center of each pellet with its c-axis vertical to the pellet surface.  
The oxygen content, y, in Y123 was controlled to be ~6.1 by annealing at 900°C for 24 h in flowing argon 
gas prior to the melt-solidification.  A schematic illustration and a photograph of the electric furnace 
developed for the present study are shown in Fig. 1.  The sample was placed in the quartz tube and pure 
oxygen was introduced with nominal low pressures and the bulk was melt-solidified under controlled low 
pressure pure oxygen atmospheres.  The sample was heated up to 1045°C, held for 2 h, cooled to 1015°C 
in 30 min, and then slowly cooled down to 975°C at a rate of -0.8°C / h.  The oxygen pressure in the 
quartz tube during crystal growth was controlled to be 5.1 ~ 6.8 x 10-2 atm.  Some rectangular specimens 
with typical dimensions of 2 × 2 × 1(// c) mm3 were cut from the bulks to evaluate position dependences of 
microstructures and magnetization properties.  These samples were annealed at 450°C for 100 h in 
flowing oxygen.  The microstructures were observed by an optical microscope with polarized lights and a 
scanning electron microscope (SEM).  Tc and Jc, were examined by measurements of zero-field-cooled 
(ZFC) magnetization under 10 Oe and magnetization hysteresis up to 5 T, respectively, using a SQUID 
magnetometer (Quantum Design MPMS-XL5s).  In all above measurements, magnetic fields were always 
applied parallel to the c-axis of the Y123 crystal.  Jc was calculated from the width of magnetization 
Fig.1 Electric furnace used for melt-solidification in low pressure pure oxygen 
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hysteresis loops based on the extended Bean model.  
3. Results and discussion 
Y123 bulks composed of the single domain were successfully fabricated by melt-solidification in low 
pressure pure oxygen.  The secondary electron images of polished cross section of the bulks melt-
solidified in air and low pressure pure oxygen are shown in Figs. 2 (a) and (b), respectively. As clearly 
seen in Fig.2 (b), pores were eliminated by melt-solidification in low pressure pure oxygen, indicating 
that the new method is effective for improvement of mechanical strength. 
 Jc-H characteristics of Y123 bulks melt-solidified in air and in low pressure pure oxygen at 77 K were 
compared in Fig.3 (a) and (b).  In the c-growth region, which grew from the seed crystal in vertical 
direction, the samples cut from the bulk melt-solidified in low pressure pure oxygen showed higher Jc in 
low fields below 2 T than that of the bulk melt-solidified in air at all measured positions.  Note that the Jc 
of the samples synthesized by the new method is almost double compared to that of the samples grown in 
Fig. 3 Jc –H curves at 77 K of Y123 bulks melt-solidified in air and low pressure pure oxygen. 
(a) a-growth region, (b) c-growth region 
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Fig. 2 Secondary electron images of polished cross section of Y123 bulks 
melt-solidified in air (a) and in low pressure pure oxygen (b) 
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air in 0.3-1 T at 77 K.  This result indicated that partial yttrium substitution for the barium site was well 
suppressed by melt-solidification in low pressure pure oxygen.  On the other hand, Jc of the samples in 
the a-growth region near the seed crystal were high, however, it decreased with an increase in the distance 
from seed crystal.  Although oxygen pressure during the crystal growth was 5.1 ~ 6.8 x 10-2 atm, which is 
much lower than air, the results suggested that substitution of yttrium was not sufficiently suppressed in 
the a-growth region, where larger amount of Y211 precipitates exist than in the c-growth region. 
Therefore, further precise control of oxygen pressure during melt-solidification is needed to synthesize 
Y123 melt-solidified bulks with higher superconducting properties in whole parts. 
4. Conclusions 
 In order to achieve suppression of substitution of RE for the barium-site and elimination of pores, we 
have introduced a new method to synthesize Y123 bulks, melt-solidification in low pressure pure oxygen. 
The secondary electron image revealed that the pore-free Y123 bulks were successfully fabricated.  In 
addition,  Jc of the bulk melt-solidified in low pressure pure oxygen was higher than that of the bulk melt-
solidified in air below 2 T at 77 K, which is favorable for improvement of field trapping properties of the 
bulk at 77 K.  In the present study, melt-solidification in low pressure pure oxygen is confirmed to be a 
quite effective method to develop Y123 bulks with high superconducting and mechanical properties.  
However, the Jc characteristics in a-growth region degraded with an increase in distance from the seed 
crystal, which indicated that partial yttrium substitution for the barium-site still occurred in the bulk melt-
solidified in low pressure pure oxygen with 5.1 ~ 6.8 x 10-2 atm.  Further optimization of oxygen pressure 
as well as temperature pattern of melt solidification will provide Y123 melt-solidified bulks showing 
uniformly excellent critical current properties.  In addition, this new melt-solidification technique will be 
more effective for developments of high performance RE123 bulks with RE=Nd, Sm, Eu, Gd and Dy, 
where partial substitution of RE for the barium-site occurs more easily than the Y123 bulks.  
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